of 500 mg/liter iodoacetic acid to cyanide-poisoned vessels elicited no further dilation. A second group of vessels was studied to provide information regarding the position of the peak and falling limb of the strain-active stress curve. Carotid arteries were divided in half, and both halves were mounted in vitro at in situ length. These vessels were relaxed and then excited isometrically with NE. One-half was excited at 100 mm Hg, and the other half was excited at 230 mm Hg. Following full isometric activation of the muscle, the pressure was increased in 25-mm Eg steps until 400 mm Eg was achieved. Then the pressure was reduced to 100 mm pg. The bath was drained, rinsed, and refilled with dextrose-free KrebsRinger solution, and KCN was added to the bath to inactivate the vascular muscle. After 40 min of exposure to KCN, the pressure was increased in B-mm Hg steps to 400 mm Hg to study the mechanical properties of the connective tissue, The final procedure in all of the experiments was the determination of the cross-sectional area of the walls of the vessels. The tissue bath was drained and a dilute suspension of lead oxide was applied sparingly to the outer surface of the mounted vessel segment. The excess was washed away with fresh saline so that just enough lead oxide remained to impart discernible radiopacity. The cannula at one end of the vessel was disconnected from the gas supply and connected to a syringe containing an aqueous suspension of barium sulfate. The vessel segment was filled with barium, and a packet of dental X-ray film was placed beneath the vessel segment. Radiographs were obtained with a Ritter model D dental X-ray machine. Radiographic dimensions were measured microscopically with a calibrated eyepiece grid to determine internal diameter and wall thickness at several locations for each individual vessel. Radiographic dimensions of steel and aluminum rods were reliable to &5 70. Since vessel length was held constant, it was possible to convert these measurements to cross-sectional area for each artery. The area (A) was calculated as:
where r0 is external radius and r; is internal radius. where D is the observed static diameter at any time, and D, is the diameter observed at 0 mm Hg after inactivation of the muscle with KC-7. Circumferential stress (g) was computed as
where P, is transmural pressure, ri is internal radius, and h is wall thickness. Pressure was obtained from the polygraph recordings of the pressure transducer output.
Internal radius and wall thicknesses were calculated from the external diameter recorded by the gauge and the crosssectional area of the tissue obtAined from the X-ray radiographs. Internal radius (ri) was computed as:
where r. is the external radius recorded in the tissue bath and A is the cross-sectional area, as determined from the radiographs, Wall thickness, h, was found by subtracting the internal radius from the external radius. The ratio, ri/h, was computed for each vessel at each recorded external diameter. Figure  1 presents stress-strain data for a typical vessel excited isometrically at 150 mm Hg pressure. Each data point represents vafues obtained when the vessel exhibited steady diameters. Therefore these data arc static stressstrain values. The stress observed after excitation with NE (closed circles) was used as a measure of the sum of the stresses exerted by the smooth muscle and the vascular connective tissue. The stress observed after poisoning of the muscle with KCN (open circles) was used as a measure of the mechanical properties of just the connective tissue. If one assumes a parallel arrangement of these components, then the stress exerted after KCZY may be subtracted graphically from the stress exerted after NE to give the contractile stress developed by just the vascular muscle. Active muscle stress is illustrated in this figure as a broken line and is comparabIe to the classical length-tension diagram for striated muscle. The closed square at the highest-point of the broken line represents the static isometric stress developed by the vascular muscle.
A total of 84 carotid arteries were excited isometrically with NE and then subjected to 25-mm Hg step pressure decrements.
Fourteen relaxed arteries were excited at 50, 75, 100, 150, 225, and 300 mm Hg. All these vessels were finally treated with KCN to inactivate the muscle. Static stress-strain plots were constructed for each individual vessel, comparable to that illustrated in Fig. 1 . The active Fig. 2 , A-C, for vessels excited at 225 and 300 mm Hg were, in effect, from selected vessels. Inclusion of data from vessels that exhibited excitation-dilation would have decreased the mean active stresses for the vessels excited at 225 and 300 mm Hg to even lower values than those shown in Fig. 2 LGC.
It was of interest to determine whether the attenuation in active stress following excitation at large strains was reversible.
The vessels treated isometrically at 75 and 225 mm IGg were subjected to stepwise increase in pressure after they had been permitted to retract to 0 mm Hg. Figure 2B shows the active stress data obtained for the descending and ascending sequences. Although a few individual arteries treated at 75 mm Hg exhibited a small amount of static hysteresis, the means for the 14 vessels gave very similar descending and ascending curves. By contrast, the vessels treated at 225 mm Hg generated marked static hysteresis. The stress-strain curves generated by the descending and ascending sequences for vessels treated at 225 mm Hg were statistically different (P < .05) at strains between .20 and .50. Especially interesting is the fact that ascending sequence of the hysteresis loop generated by the vessels treated at 225 mm Eg was not significantly different from the ascending active stress curves generated by the vessels excited at 75 mm E g. This indicates that the active stress lost, following excitation at large strains, was entirely recovered. Figure 2C shows similar data for 12 additional vessels excited isometrically at 300 mm Hg. The active stress generated by these vessels during stepwise pressure decrements, again, was attenuated.
However, the active stress developed IO, 20, and .30 revealed no significant differences for these two groups of vessels. Figure 3B shows similar strain-active stress data for two groups of 14 vessels treated at 225 mm Pg. Both groups were activated at initial strains of about .78. The vessels excited isometrically were forced to remain at this initial strain during excitation, whereas the vessels excited isobarically contracted to a mean strain of .60 & .05. The stresses developed by the isobarically treated vessels (open circles) and the isometrically treated (closed circles) were statistically different (P < .05) at strains between .lO and .40. The active stress curve generated by these isobarically treated vessels described a peculiar humplike configuration which will be discussed below. Figure 3C shows similar strain-active stress plots Ior two groups of 14 vessels treated at 300 mm Hg. Both groups began at initial strains near .90. The vessels treated isobarically (open diamonds) exhibited very little shortening, even though they were permitted to contract. The active stress developed by the vessels treated only isobaritally was greater than that developed at isometrically excited vessels over a wide range of strains. Statistically significant differences (P < .05) were observed at strains between 20 and .60. In addition, both groups of vessels treated at 300 mm Hg developed significantly less active stress than that developed by vessels contracted isometrically at strains below l 70 and pressures less than 150 mm Hg, i.e., the large homogenous group shown in Fig. 2A . It was pointed out above that the vessels treated isobaritally at 225 mm Hg exhibited a peculiar hump in the strain-active stress curve. The data for these isobarically Fig. 30 , for further analysis. The shaded area indicates the means and standard errors for the active stress developed during step-wise contraction for all 14 vessels. The mean relaxed strain at which these vessels were treated was .78 & .05. However, cxamination of the individual experiments revealed that this set of 14 arteries was composed of two distinct groups, each composed of 7 vessels. One group consisted of strongly contracting vessels which originated at a mean relaxed strain of ,722 & .04. When excited with NE, these Qrong" vessels contracted to a mean strain of .43 =t .03. A second group of 'Cwcak" vessels originated at a mean relaxed strain of -84 & .03. When excited, these vessels contracted only to a strain of. 77 & .03. The two groups of vessels were statistically different from one another (P < -05) with respect to I) their original relaxed strains, 2) the strains to which they isobarically contracted, and 3) the active stress that they generated at: every comparable level of strain. It is evident that the hump in the shaded area in Fig. 3D reflects the heterogeneitrr of the constituent data, i.e., that the weak , vessels contributed to the shaded area at all levels of strain, whereas the strong vessels contributed to the shaded area only at small and moderate strains. These data illustrate the dependence of active stress development on initial vessel strain, even in vessels excited at the same initial transmural pressure. The critical initial vessel strain, above which attenuation of active stress occurred, was found to be a mean of .72. This value is similar to that observed earlier for isometrically excited vessels (Fig. 2 A) . Figure 2A shows that vessels treated at large strains and high pressures exhibit a shifted strain-active stress curve, as compared with vessels excited at more moderate strains, These shifts in active stress may reflect a vertical displacement of the normal strain-active stress curve to a lower Fig. 4 , A and B. Note that with both displacements, the rising limb of the normal strain activestress curve (solid line) is shifted downward and/or to the right (broken lines). Both shifts resemble the shift observed for the vessels treated at 225 and 300 mm Hg shown in Fig.  2-4 . A vertically downward displacement of the strain-active stress curve suggests a decrease in the strength on the number of effective contractile units within the muscle. A horizontally rightward displacement of the normal strain-active stress curve suggests plastic slippage within, or in series with, the contractile system. Differentiation between vertical and horizontal displacements cannot be determined from the data shown in Fig. 2,4 . However, such a differentiation could be made from a shift in the peak and falling linlb of the strain-active stress curT*e. Accordingly, experiments were undertaken to evaluate the falling limb of strain-active stress curves of vessels excited to the left and to the right of the peak in the strain-active curve. Ten carotid arteries were divided in half, and eat 2 half was mounted in vitro at in situ length and then relaxed. onehalf was excited isometrically at 100 mm Hg, whereas the other half was excited isometrically at 230 mm Hg. Following full activation of the muscle, to step increases in pressure up 10th halves were subjected to 400 mm Hg. Figure 5 shows data for three representative pairs of arteries. In each case it may be seen that: the strain-active stress curve generated by vessels treated at 230 mm Hg was shifted downward with respect to that generated by vessels treated at 100 mm Hg. Similar data were observed for 9 pairs of vessels of the 10 pairs tested. Fig. 24 resemble classical length-active tension curves for striated muscle and may indeed reflect the degree of overlap of actin and myosin. However, the intracellular arrangement of these contractile proteins in smooth muscle is uncertain at the present time. Alternatively, it is possible that the data in Fig. 2A indicate that the active stress simply rises with increasing vessel strain and that the decline in stress at large strains reflects a change in the material properties of the muscle. The present experiments indicate that these changes may be characterized as a loss in the strength or number of contractile units.
A Finally, the identity and degree of uniformity of the contractile units (sarcomeres) in smooth muscle are unknown. As pointed out by Hill (12) isometric contraction of series-
